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Large amount of products derived from ﬁsh collagen, such as
gelatin, hydrolyzed ﬁsh collagen and atelocollagen, are consumed
as dietary supplement, sweets, cosmetics and moisturizers today.
We report a patient with atopic dermatitis who experienced epi-
sodes of anaphylaxis after ingestion of dietary supplement or
gummy candy, both of which contained the hydrolyzed ﬁsh
collagen sold under a trade name “ﬁsh collagen peptide” even
though it contained high molecular weight proteins. The patient
started applying a moisturizer containing ﬁsh atelocollagen on
her face 15months before the ﬁrst episode of anaphylaxis.We spec-
ulate that long term application of the moisturizer on impaired skin
surface induced epicutaneous sensitization of ﬁsh collagen.
In May 2013, a 30-year old woman with a history of atopic
dermatitis was referred for evaluation after episodes of anaphy-
laxis, which occurred twice after ingestion of yogurt with a dietary
supplement, AC®, sold by company A, that was made from hydro-
lyzed ﬁsh collagen, “ﬁsh collagen peptide”. Every episode occurred
within several minutes after consuming 1 package of the dietary
supplement with development of lip swelling, itching of eyes,
throat and genitalia, and airway constriction. Since June 2009, the
patient had started eating yogurt with the dietary supplement,
AC®. Total IgE level was 1260 IU/ml. In May 2014, the patient
returned to the clinic due to anaphylactic reaction after ingesting
gummy candies. She noticed that anaphylaxis was provoked just
by one particular ﬁsh collagen-containing gummy candy sold by
company A, but never by several different gummy products
without ﬁsh collagen. Because both AC® and this gummy candy
are produced by the same company, we assumed that these prod-
ucts contain the allergen. Skin prick test was positive for the sup-
plement, AC® (100 mg/ml water) and the hydrolyzed ﬁsh
collagen, “ﬁsh collagen peptide”, supplied by company A
(100 mg/ml water), an ingredient of the gummy candy (Table 1).
In further inquiry, the patient disclosed that, in February 2012
when facial dermatitis worsened, she had started applying a mois-
turizer sold by company E containing ﬁsh atelocollagen, which is
ﬁsh triple helix collagen of molecular weight of 350 kDa, composed
of three alpha chains with molecular weights of approximately
110e120 kDa. Skin prick test responses were also positive for the
moisturizer, ﬁsh atelocollagen supplied by company E and ﬁsh
gelatin supplied by company D, but negative for several samples
of gelatin derived from porcine skin or bovine bone (Table 1). ThePeer review under responsibility of Japanese Society of Allergology.
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licenses/by-nc-nd/4.0/).patient denied episodes of systemic anaphylactic reaction after
eating raw and cooked ﬁsh.
Analyses by SDS-PAGE and IgE western blotting showed that the
patient's serum reacted with ~140 kDa protein of ﬁsh atelocollagen
and 120 kDa protein of gelatin from ﬁsh collagen, and weakly with
gelatin derived from bovine bone, but not with proteins of gelatin
from porcine skin nor hydrolyzed ﬁsh collagen, “ﬁsh collagen pep-
tide”, supplied by company A (Fig. 1a). IgE westernblot inhibition
assay revealed that the patient's serum pre-incubated with “ﬁsh
collagen peptide” lost reactivity with the ~140 kDa protein of ﬁsh
atelocollagen and 120 kDa protein of gelatin from ﬁsh (Fig. 1b), sug-
gesting that ~140 kDa and~120 kDaproteinsmight be cross-reactive
allergens betweenﬁsh gelatin and “ﬁsh collagenpeptide”. The levels
of speciﬁc IgE antibodies by Immuno-CAP speciﬁc IgE (Phadia Inc.,
Tokyo, Japan) were: 21.2 UA/ml (class 4) for gelatin from cold water
ﬁsh skin, 4.97 UA/ml (class 3) for bovine gelatin, and below0.1UA/ml
(class 0) for both carp parvalbumin (Cyp c 1) and cod parvalbumin
(Gdc c 1). The ~140 kDa and 120 kDaproteinwere analyzed by Liquid
Chromatography-Tandem Mass Spectrometry (TripleTOF® 5600þ
System, AB SCIEX, MA, USA). For identiﬁcation, a databasewith pro-
tein sequences ofNeopterygii extracted from the National Center for
Biotechnology Information was established. The 120 kDa protein
was identiﬁed to be a2 chain of type I collagen of Oreochromis nilo-
ticus (Nile tilapia) (RefSeq accession no. NP_001269826), by peptide
mass ﬁngerprinting, however ~140 kDa protein could not be identi-
ﬁed. It is possible that this ~140 kDa protein was modiﬁed by a2
chain of type I collagen during processing.
In early studies, the allergenicity ofﬁsh collagenwas evaluated to
be low.1 Sakaguchi et al. reported that some ﬁsh-sensitive patients
possessed IgE antibodies againsta1anda2 chains of type I collagen.2
Kuehn et al. reported a 12-year-old boy with hay fever and asthma
who developed anaphylaxis by ingestion of marshmallows contain-
ing ﬁsh gelatin.3 Lack proposed the “dual allergen exposure hypoth-
esis” that sensitization to allergen occurs through environmental
exposure to allergen through the skin and that consumption of
food allergen induces oral tolerance.4 Indeed, numerous cases of
wheat allergy that developed fromepicutaneous sensitization tohy-
drolyzed wheat protein (Glupearl 19S) in facial soap have been re-
ported in Japan.5 Recently, cases of ﬁsh allergy induced by
epicutaneous sensitization were reported.6,7 As the skin barrier
functionofmajority of these patientswas impairedbyatopicderma-
titis or hand eczema, it was estimated that direct touch with bare
hands with ﬁshmeat in daily workmight facilitate the sensitization
to ﬁsh in these patients.6,7 Our patient had started applying a mois-
turizer containing ﬁsh atelocollagen on her face 15 months before
the ﬁrst episode of anaphylaxis. It has been reported that ﬁshvier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
Table 1
Skin prick test.
Sample Manufacturer Skin prick
test wheal/ﬂare (mm)
Dietary supplement (AC®) A 21/25
Hydrolyzed ﬁsh collagen
(ingredient of the gummy)
A 16/19
Moisturizer E 13/13
Fish atelocollagen E 14/16
Gelatin from porcine skin D 0/3
Gelatin from bovine bone D 0/3
Gelatin from ﬁsh D 20/25
Histamine (10 mg/ml) 9/15
Saline 0/3
The size of the wheal and ﬂare are measured after 15 min of prick test using the
following samples. Dietary supplement (AC®) sold by company A (100 mg/ml), hy-
drolyzed ﬁsh collagen supplied by company A (100 mg/ml), moisturizer sold by
company E (as is), ﬁsh atelocollagen supplied by company E (0.26%: concentration
same as moisturizer), gelatin from porcine skin, bovine bone, ﬁsh supplied by com-
pany D (3% each), histamine dihydrochloride (10 mg/ml), and saline.
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Fig. 1. IgE western blotting and inhibition assay. a. Each sample of collagen and gelatin: ﬁsh atelocollagen supplied by company E (lane 1), hydrolyzed ﬁsh collagen supplied by
company A (lane 2), gelatins from porcine skin (lane 3), from bovine bone (lane 4), from ﬁsh (lane 5), supplied by company D, was denatured by heat at 100 C and was electro-
phoresed in 7% or 14% gel SDS-PAGE. The blotted membrane was incubated with 10% patient serum, anti-human IgE (Phadia, Immuno CAP), followed by anti-mouse IgG-HRP (Cell
Signaling Technology). Bound IgE were detected by a chemiluminescent reaction. IgE from the patient's serum reacted with ~140 kDa protein of ﬁsh atelocollagen (band A) and
120 kDa protein of gelatin from ﬁsh (band B). Weak reactivity was observed in proteins of gelatin derived from bovine collagen, but not with proteins of gelatin derived from porcine
skin nor hydrolyzed ﬁsh collagen. b. Inhibition of IgE-binding to the antigens (band A and B in Fig. 1a) with the collagen and gelatin samples. Serum from the patient was prein-
cubated with or without each inhibitors, ﬁsh atelocollagen (20 mg/ml, lane 1), hydrolyzed ﬁsh collagen (100 mg/ml, lane 2), gelatins from porcine skin (100 mg/ml, lane 3), from
bovine bone (100 mg/ml, lane 4) and from ﬁsh (100 mg/ml, lane 5), for two hours at 4 C before blotting. Hydrolyzed ﬁsh collagen inhibited the IgE-binding to the band A of
ﬁsh atelocollagen and band B of gelatin from ﬁsh (lane 2). The IgE-binding to band A and B were also inhibited by gelatin from ﬁsh and ﬁsh atelocollagen, respectively (lanes 5
and 1).
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penetrate the stratum corneum in nude mouse skin.8 Atelocollagen
is a collagen solubilized by proteases, enzymes that break the telo-
peptides existed at both ends of collagen strand for crosslinking be-
tween tri-helix collagen molecules. The process of hydrolysis
involving breaking down the molecular bonds between individual
collagen strands andpeptides bycombinations of physical, chemical
or biological means is used for producing collagen peptide but not
for atelocollagen. Thus, atelocollagen does not usually yield smallpeptide during processing. Therefore, we speculate that ﬁsh atelo-
collagen with 350 kDa of mass was degraded by proteases to the
smaller peptides on skin surface and they induced sensitization.
However, the possibility cannot be excluded that the intact collagen
or its degradationproductswith>4.5 kDawere antigens because the
patient had impaired skin.
Gelatin is one of the primary components of food, medicine, cos-
metics and vaccines and has been reported to cause various allergic
symptoms, including anaphylaxis after ingestion of gummy bears
induced by speciﬁc IgE to porcine or bovine gelatin.9 In a girl
with episodes of anaphylaxis after ingestion of Gummy Bears,
CAP-RAST test results of bovine and porcine gelatin were negative
but speciﬁc IgE to ﬁsh collagen is not examined.10 In our study,
we identiﬁed a2 chain of ﬁsh type I collagen as a causative antigen.
Our case illustrates that skin external preparations containing ﬁsh
atelocollagen (or processed ﬁsh collagen) should not be used for
impaired skin surface of patients with atopic dermatitis to avoid
the risk of epicutaneous sensitization of ﬁsh collagen.Acknowledgments
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